It was, previously, reported that the specific pattern of the compositional features of particular human-mouse orthologs defining in human two clusters, named C2 and C5, are present in different clusters in mouse. Since, thus, these orthologs can harbor a significant number of nucleotide differences a large sample of human-mouse orthologs having in human the C2 and C5 compositional features were collected in order to identify the orthologs that have been conserved or diverged during speciation. From the collection, 945 and 1051 orthologs had in human the C2 and C5 profile, respectively, while in mouse only 77 and 125, respectively, had these profiles. We further analyzed whether or not the frequency-usage of trinucleotides having the same gross composition computed from the reading of all nearest-neighbors of the DNA sequence might convey a layer of biological information in terms of chromosomal topology and function. In human, more than 50% of the C2 and C5 genes were found distributed in six chromosomes and preferentially located in GC-rich bands of chromosomes 11, 16 and 19. It was, also, found that 80% of the entire set of genes of band 19p13.3 had the C2 and C5 profile. The data shown also indicate that the proteins codified by the C5 genes have a bias towards nucleus and cytoplasm and specific post-translational modifications while the proteins codified by the C2 genes are mainly located in the cellular membrane or secreted to the external cellular milieu and particular posttranscriptional modifications
Introduction
Several studies have revealed that chromosomal gene-clusters are common in eukaryotic species 1, 2 and that various mechanisms may be responsible for their formation leading to levels of organization that range from small to large ones. The occurrences of chromosomal clusters may entail that clustering confers some type of selective advantage suggesting that evolutionary mechanisms exists to promote their formation and maintenance 3 . There may be a link between the compositional, the chromosomal and the functional clustering since genes in chromosomal clusters could belong to common metabolic pathways, codify for proteins that may form interactive networks or serve as ligands and receptors in signaling pathways 2, 4 . Classically, gene-clusters have been obtained on the basis of expression data and the biological knowledge has been a posteriori used to make the most of the clusters. However, geneclustering on the basis of expression data alone allows isolating co-expressed, -but not necessarily-biologically coherent units 5, 6 being these strategies insufficient to bring out all potential relationships amongst genes 7 . Several methods have been described to cluster genes that correlate with biological information [8] [9] [10] . Recently, without previous knowledge of gene function and expression data a gene-clustering methodology was described by analysis of the similarities and differences clusters. None of the mouse orthologs analyzed from the sample had the compositional profiles of the human genes from clusters 2 (C2) and 5 (C5) 10 .
In order to analyze whether in mouse there
were not orthologs that in human have the C2 and C5
profiles we collected a large sample of human-mouse orthologs that in human had the C2 and C5 profiles. 
Materials and Methods

Triplet Composon-Usage Calculation
We will consider that a set of triplets, as for The methodology of k-means clustering was used to cluster genes into C2 and C5 10, 11 . The composon -usage frequency was the parameter used for clustering. . Table 1 
(1-4) 
GO Annotations
The post-translational modifications (PTMs) and the cellular location of the proteins codified by the genes of the sample selected were determined using QuickGO 
Results
Compositional Features of Human-Mouse Orthologs that in Human fit into C2 and C5 Composon Profiles
It has been previously reported that the human genes from a sample containing 706 human-mouse orthologs could be classified in 11 compositional clusters but that in mouse these orthologs were classified in only 9
clusters. An analysis of the C2 and C5 human-mouse and <CG> (marked with * in Fig 2B) . In fact, in both species, the usage of <CG> is in C2 higher than in C5
while the usage of <AG> is lower in C2 than in C5 considered a mutational hot spot 19 .
As indicated in
Materials and Methods genes that had a sequence lower than 100 nucleotide bases and those that do not have GO information in the DNA data banks were excluded from the study.
The analysis indicated that the human genes having the C2 and C5 profiles form a large chromosomal cluster since 132 (75%) genes out of the 175 of genes selected from band 19p13-3 have the C2 and C5 profiles (Fig 5 black bars) . Table 3 genes have GO regarding the cellular location. The analysis of these proteins revealed (Fig 6) a bias toward dissimilar cellular locations and PTMs. We observed ( Fig   6A) that 72% of the proteins codified by genes from cluster C2 are biased toward the membrane and/or the extracellular matrix in contrast to 28% in C5. In C5, however, 74% of the proteins are biased toward the nucleus and/or the cytoplasm in contrast to 26% in C2.
Regarding the PTMs we observed (Fig 6B) while the highest concentration of phosphorylated, acetylated-proteins or both is found localized in the cell nucleus and in the cytoplasm 23, 24 .
Discussion
The simplicity of the method described and its reduced dimensionality provide some benefits when DNA sequences between genes, mainly orthologs, are analyzed and clustered in a nucleotide contextdependent manner. The method is useful to group thousands of genes showing similarities and dissimilarities regarding their composon-usage frequency 10 .
Classically, gene-clusters were obtained on the basis of expression data and a biological knowledge was a posteriori used to make the most of the clusters [25] [26] [27] . In The data shown indicate that notable differences were observed in the number of genes present in clusters C2 and C5, in human relative to mouse (Fig 2A-B) The data presented shows that the genes fitting into C2 and C5 are not distributed at random in the chromosomal complement since 55% of the C2 and C5
genes are located in specific bands of six chromosomes and in specific GC-rich isochores. It is most likely that the genes located in these isochores would be tightly linked to biological properties, as reported 19, 28 . We think that the distribution of genes over different chromosomes and also in specific chromosomal regions (Fig 2A and 2C) may also explain why a large proportion of genes fitting into these compositional categories collocate in regions that have been described to be rich in GC content. We think that the divergence observed between the C2 and C5 genes located in the telomeric region of the human chromosome 19, relative to mouse, is in agreement with data showing that the genes located in that telomeric region change notably faster than the genes located in any other chromosome 29, 34 .
It should be noticed, moreover, that despite the fact that most of their human C2 and C5 genes diverge show accelerated evolution is an intriguing question.
These genes could be considered older if it is assumed that the age of a gene is defined by considering the taxonomic distribution of the genes in the family, that is, by the presence or absence of the gene in diverse lineages. As reported, old genes evolve more slowly and experience stronger purifying selection than young genes [34] [35] [36] [37] [38] [39] . Thus, it is most likely that no relatively recent or only moderately old homology groups could be found.
In a certain sense, there are no new genes or there hardly are any new genes, only new genes duplicates or modifications of pre-existing genes and combinations of parts of pre-existing genes.
Since the data presented indicate that most of the C2 and C5 genes that collocate in the human band 19p13.3 have a bias toward different PTMs and cellular locations (Fig 6) , depending on the category (C2 or C5) 29, 41 , in the particular case of C2 and C5 genes, divergent and conserved genes topologically coexist.
